Introduction {#Sec1}
============

Nearly 86% of patients undergoing surgery report postoperative pain, which is often moderate to severe in intensity \[[@CR1]\]. Managing postoperative pain can be challenging for the physician, with many patients experiencing poorly controlled pain or analgesic medication-related adverse events (AEs) \[[@CR1], [@CR2]\]. Poorly controlled pain has a number of negative consequences for the patient, including a delay in hospital discharge, a delay in functional recovery, and an increased risk of chronic pain \[[@CR3]--[@CR11]\]. Although a number of analgesic therapies are available, the high incidence of postoperative pain among patients indicates that there are still significant treatment challenges.

To prevent poorly controlled pain and limit analgesia medication-related AEs, clinical guidelines on multimodal analgesic strategies have been developed for different types of surgery \[[@CR12]\]. These strategies simultaneously employ several therapies, often with different targets or mechanisms of action, to create an additive and synergistic effect. A key benefit of multimodal strategies is their ability to limit AEs, which may occur with high dosages of individual analgesics \[[@CR13]\].

Intravenous (IV) opioids remain an integral component of a multimodal approach to postoperative pain, particularly for invasive procedures and the treatment of deep visceral pain. Other important components include IV nonsteroidal anti-inflammatory drugs (NSAIDs), acetaminophen, and local anesthetics. Adequate physician knowledge and a patient-centric approach to treatment are the prerequisites for the effective management of acute postoperative pain and the optimization of patient outcomes.

Despite their proven efficacy, the use of IV opioids is constrained by dose-limiting opioid-related adverse events (ORAEs), such as respiratory depression and postoperative nausea, vomiting, and ileus \[[@CR2], [@CR12], [@CR14]\]. Specific patient characteristics increase the risk of specific ORAEs, and this knowledge may guide the use of opioids in individual cases \[[@CR15]--[@CR19]\]. ORAEs can delay patients' postoperative recovery and discharge, as well as increase total healthcare costs, as compared with those patients who do not experience them \[[@CR20]--[@CR22]\].

This survey of treating physicians was conducted to evaluate the current practice patterns and challenges associated with the management of acute postoperative pain. The key outcome was to identify physicians' perspectives on IV pain medications, such as the factors that determine their selection and which ones they ultimately prescribe for their patients. Supportive outcomes from the survey were the identification of factors that influence practice patterns and the most pressing unmet needs for physicians who manage the care of patients with acute postoperative pain. These findings can be used to determine where efforts to improve current practice should be focused.

Methods {#Sec2}
=======

This survey (available as Supplemental Material) was jointly designed by HealthiVibe, LLC (Arlington, VA, USA), Epstein Health, Trevena, Inc. (the study sponsor), and investigators with content expertise (PGW and TJG). The survey received institutional review board approval and is reported in a manner consistent with the CHERRIES guidelines \[[@CR23], [@CR24]\]. This article does not contain any studies with human participants or animals.

Recruitment {#Sec3}
-----------

US-based physicians participated in an online survey using a Health Insurance Portability and Accountability Act--compliant web survey platform (Amazon Web Services). Participants were identified from an opt-in healthcare database built from physician communities, continuing medical education sites, and clinical content portals. Invitations to participate were sent via e-mail, which included a link to the survey website with a disclaimer that the results would be kept confidential. To achieve the desired response rate, the first invitation e-mail was followed by a second invitation, which was sent within 7 days of the first. Before participating in the survey, all participants provided consent via completion of a screening item asking for their agreement to participate. Each respondent could submit only one completed survey. Upon completion, survey respondents received a confirmatory "thank you" note via e-mail. Respondents also received modest compensation for completing the survey in its entirety. This was considered necessary for participant recruitment and to encourage completion of the entire survey. Neither the survey nor the invitation included any reference to the sponsor.

Screening {#Sec4}
---------

There was a short screening process, expected to take no more than 5 min to complete, during which physicians responded to questions regarding their willingness to participate in the core survey content and to confirm that they were eligible according to the inclusion/exclusion criteria. To be eligible, physicians must have practiced within one of the required medical specialties: surgery, anesthesiology, critical care/emergency medicine, or hospitalist. Surgeons must have completed ≥ 1 of 27 listed surgical procedures in six surgical categories (general or bariatric, cardiothoracic, colorectal, orthopedic or neurosurgery, plastic or cosmetic, or vascular). At the time of this survey, all physicians must have currently be practicing in an academic medical center, community hospital, or ambulatory care setting, and involved in one or more surgeries per month (e.g., surgeons must have been performing surgery, anesthesiologists must have been managing administration of IV pain medications). Surgical categories were chosen based on a clinical assessment of patient types and surgical procedures that were most likely to lead to moderate-to-severe pain and require IV analgesia medications following surgery.

Full Survey {#Sec5}
-----------

The 47-question survey was designed to take an estimated 12--15 min to complete, incorporating screening, demographic, and core survey questions. The survey contained 40 screens: a landing page, 38 individual question screens, and a "thank you" page. Following each answer, the respondent was directed to the next question. Respondents were unable to go back and change answers in order to avoid creating survey bias (as future questions could potentially influence respondents to change their previous answers). Respondents could not move forward in the survey without providing an answer to each question; in this way, unanswered questions were not permitted.

The survey contained questions elucidating the types of medication that physicians prescribe to manage acute postoperative pain, the factors that influence their postsurgical pain medication regimens, the challenges they face when treating acute postoperative pain, and their perceptions of unmet needs regarding current pain therapies. The survey also included demographic questions including physicians' primary practice settings, years in clinical practice, and geographic locations.

The survey questions were presented in the following formats: questions that asked the respondent to choose one response from a defined list of possible statements; questions that asked the respondent to choose multiple responses (e.g., "Select all that apply"); statements where the respondent was asked to indicate agreement or disagreement using a Likert scale of 1--5 (1 = "Strongly disagree" to 5 = "Strongly agree"); dichotomous questions (yes/no); and statements where the respondent is asked to indicate the frequency with which they engage in an activity (1 = Very often, 2 = Often, 3 = Sometimes, 4 = Never, 5 = Not sure/not applicable). The presentation of response statements within a question set was rotated in an attempt to reduce bias.

Outcomes {#Sec6}
--------

Each question included in the survey was designed to gain a specific insight that was intended to gain an overall understanding of current practice patterns and treatment challenges experienced by physicians managing patients' acute postoperative pain.

When designing the study, the key outcome of interest was the identification of factors influencing physicians' choice of IV pain medications. This was specifically addressed in two survey items (see Supplemental Material)---"Please select the top three IV pain medications that you are most likely to prescribe for your patients who experience moderate-to-severe pain immediately following surgery" and "What clinical practice-related factors most determine which IV pain medications you prescribe for postsurgical patients you care for during their hospitalization?"

The supportive outcomes of the study were to determine the factors that influenced practice patterns and the most pressing unmet needs for physicians managing acute postoperative pain, which were addressed with several questions.

Data Handling {#Sec7}
-------------

Personally identifiable information was not collected as part of the survey and all survey data were collected, de-identified, and stored by the third-party platform. The host platform passed an internal identifier (along with security tokens) to the survey. Once a survey was completed, this status and the internal identifier was communicated to the panel platform. Similarly, if a respondent was disqualified from the survey, this was also communicated to the panel platform. Access to the survey was therefore restricted at the platform level. The platform identifier was stored with the survey results while the survey was live, and used to verify that no duplicate completions existed in the data.

The data cleaning tool within the survey platform was used to identify "speedy" responses (≤ 3 s per question), which were quarantined and excluded from the sample. The host platform only recorded visitors who completed ≥ 1 question and did not provide data to calculate the view rate, participation rate, or completion rate.

Statistical Analysis {#Sec8}
--------------------

The inclusion of approximately 500 physicians was considered a feasible and adequate sample size that could accurately reflect the current views among treating physicians. During the recruitment process, invitations targeted surgeons, anesthesiologists, and critical care/emergency medicine physicians or hospitalists, at proportions of 6:3:1. This reflected the breadth of physicians who commonly participate in the management of moderate-to-severe acute postoperative pain requiring IV analgesic medications. The eligibility of the respondents was checked at the time of initial screening, so that only those meeting the criteria could complete the survey.

The aim of this study was to identify the current practice patterns and treatment challenges. Consequently, descriptive statistics were used to present and interpret the data.

Results {#Sec9}
=======

The survey was open from April to May 2017, and was closed shortly after the target number of responses had been received. In total, 3803 email invitations were sent.

Of 501 physicians who completed the survey, 54.9% practiced in community hospitals and 59.7% had been in practice for \> 10 years. Sixty percent of respondents were surgeons, 29.9% were anesthesiologists, and 10.0% were critical care/emergency room physicians. No hospitalists completed the survey. Most surgeons specialized in general/bariatric surgery (51.8%) or plastic/cosmetic surgery (17.3%; Table [1](#Tab1){ref-type="table"}).Table 1Physician respondent demographics (*N* = 501)Principal practice setting Community hospital54.9% Academic medical center37.1% Ambulatory care setting8.0%US geographic location South38.3% Northeast25.1% West21.2% Midwest15.4%Years in medical practice \< 519.2% 6--1021.2% 11--1516.8% ≥ 1642.9%Primary medical specialty Surgery60.1% Anesthesiology29.9% Critical care/emergency medicine10.0%Primary surgical specialty General or bariatric51.8% Plastic and cosmetic17.3% Colorectal12.0% Cardiothoracic9.0% Orthopedic or neurosurgery7.3% Vascular7.3%Number of inpatient surgeries requiring IV pain medications managed per month 1--55.0% 6--1011.6% 10--1924.3% ≥ 2059.1%*IV* intravenous

When asked which individuals played a role in creating postoperative pain management plans for elective surgery patients, most physicians agreed that surgeons primarily fulfilled this role, which included responsibilities such as educating the patient about pain management before (82.2%) and after surgery (77.0%), as well as making analgesic medication prescription decisions following surgery (89.4%).

When asked to select the three IV medications that they were most likely to prescribe to patients with moderate-to-severe pain immediately following surgery, physicians most commonly selected opioids, including morphine, hydromorphone, and fentanyl (95.8%); COX-2 inhibitors or NSAIDs, such as ketorolac or ibuprofen (73.7%); and IV acetaminophen (60.5%). Local anesthetics such as bupivacaine, chloroprocaine, or lidocaine were among the top three medications selected by 45.5% of respondents. Other drug classes were each selected by \< 9.0% of physicians each. Past clinical experience (81.6%), surgery type (78.2%), and onset of analgesic effect (67.1%) were the top clinical practice-related factors that most influenced physicians' choice of pain medications during postsurgical hospitalizations (Table [2](#Tab2){ref-type="table"}).Table 2Clinical practice-related factors that most determined which IV pain medications physicians prescribed for postoperative patients during their hospitalizationPast clinical experiences81.6%Type of surgery78.2%Onset of analgesic effect67.1%Hospital formulary58.5%Improved functional recovery55.7%Simplicity of regimen50.5%Utility in multimodal regimen49.3%Better dose titratability or predictability48.9%Clinical practice guidelines or protocol41.9%Review of the medical literature35.1%Hospital order sets34.7%Recommendations of acute pain service24.2%Lack of active metabolites16.0%Colleague recommendation15.0%Other clinical practice-related factors12.2%CME courses11.8%Survey question: "what clinical practice-related factors most determine which IV pain medications you prescribe for postsurgical patients you care for during their hospitalization? Please select all that apply"*CME* continuing medical education, *IV* intravenous

The patient-related factors that most commonly affected physicians' IV pain medication prescription decisions during the hospitalization of postsurgical patients were risk factors such as age, comorbidities, or prior surgeries; postsurgical mobility; and avoidance of pain medication-related AEs, including nausea, vomiting, and respiratory depression; each of these categories was selected by \> 75% of physicians (Table [3](#Tab3){ref-type="table"}). Interestingly, the patient risk of addiction and abuse was chosen as a factor by only 45% of physicians, suggesting that despite the societal problems with opioid abuse in the community, this is a relatively low-ranking concern with the acute postsurgical use of IV opioids in an inpatient setting.Table 3Patient-related factors that most determined which IV pain medications physicians prescribed for postsurgical patients during their hospitalizationPatient risk factors such as age, comorbidities, or prior surgeries77.2%Ability to have patients mobile soon after surgery75.6%Reduction or avoidance of pain medication side effects or adverse events such as nausea, vomiting, and respiratory depression75.2%Better control of patient-reported pain levels74.5%Speed with which patients get their pain under control after surgery69.1%Likelihood of severe or prolonged pain following surgery (e.g., abdominal, spine, or total joint surgeries)67.9%Hepatic or renal impairment56.7%Ensuring that patients do not experience "breakthrough pain"47.3%Patient risk of addiction and abuse45.1%Other patient-related factors12.2%Survey question: "what patient-related factors most determine which IV pain medications you prescribe for postsurgical patients you care for during their hospitalization? Please select all that apply"*IV* intravenous

Physicians considered respiratory depression, chronic opioid use, age \> 75 years, and respiratory comorbidities to be the main patient characteristics of concern when using IV opioid pain medications in the hospital following surgery (Table [4](#Tab4){ref-type="table"}).Table 4Patient characteristics and considerations in those receiving IV pain medications while hospitalized following surgery that were "very much of a concern" to physicians based on their clinical expertiseRespiratory depression64.3%Chronic opioid use55.7%Age \> 75 years55.5%Respiratory comorbidities54.7%Patients who are likely to experience extreme pain following surgery52.5%Patients with sleep disorders such as sleep apnea51.7%Surgical procedures where nausea and/or vomiting presents a risk to patient49.5%Postoperative ileus42.3%Obese patients36.3%Age 65--75 years27.1%Patients with renal impairment27.1%Opioid titration16.0%Survey question: "based on your clinical experiences, please indicate how much of a concern are the following characteristics or considerations in your patients that receive IV opioid pain medications in the hospital following surgery"*IV* intravenous

According to physician respondents, the three most important factors affecting patients' postoperative recovery process were well-controlled pain (61.3%); postsurgical mobility (50.9%); and patients having realistic expectations for the recovery process (48.7%). Other commonly selected factors (i.e., in the top three for \> 30% of respondents) were patient satisfaction (39.7%) and few to no comorbidities that complicated recovery following surgery (31.5%).

Nausea and vomiting were among the most common challenges observed or encountered by physicians prescribing analgesic medications during the postoperative period (76.2 and 60.3%, respectively; Table [5](#Tab5){ref-type="table"}). When asked about the top three categories of non-analgesic medications prescribed to postoperative patients with moderate-to-severe pain, antiemetics were the most common and were listed in the top three for 84.2% of physicians.Table 5The challenges most often observed or encountered by physicians in postoperative pain relief for patientsNausea76.2%Constipation67.3%Vomiting60.3%Encouraging mobility during postoperative pain56.7%Respiratory depression49.9%Hospital discharge delays due to uncontrolled pain40.5%Uncontrolled pain that interferes with rehabilitation35.9%Postoperative discharge delays in the PACU33.3%Titrating patients in a time-efficient manner30.5%Educating patients about reporting accurate pain levels28.5%Increases in patient anxiety level26.9%Inability to sleep well at night21.6%Chronic postsurgical pain19.8%Hospital readmission due to pain19.6%Hospital readmission due to complications from pain management19.4%Oral feeding18.6%Psychological or depressive symptoms17.0%Other challenges5.6%Survey question: "what challenges do you most often observe or encounter in post-operative pain relief for your patients? Please select all that apply"*PACU* post-anesthesia care unit

Only 3.5% (18/501) of physicians reported any dissatisfaction with patients' pain responses to postoperative analgesics while hospitalized, with the majority (13/18) reporting dissatisfaction with the trade-off between pain control and drug-induced side effects such as nausea, vomiting, or respiratory depression. The small number of physicians reporting dissatisfaction limits our ability to evaluate the causative reasons.

Physicians reported that the top unmet needs for acute pain management of patients experiencing moderate-to-severe postoperative pain were more medications associated with fewer side effects, such as nausea, vomiting, and respiratory depression (80.7%); an ability to avoid or reduce unwanted pain medication-related AEs (64.9%); not being able to use some pain medications due to unavailability or costs (56.5%); and difficulties patients had understanding their role in acute pain management (e.g., how to communicate location and intensity of pain; 55.1%). Other unmet needs were selected by \< 50% of respondents.

As IV opioids were expected to be commonly prescribed in these situations, physicians were also asked to rate various characteristics of three widely prescribed parenteral opioids (fentanyl, hydromorphone, and morphine) on a scale of 1 (least preferred) to 10 (most preferred). No opioid rated above a 7.7 for any specific characteristic. Among the lowest-scoring drug characteristics (i.e., indicating the greatest room for improvement) were the occurrence of AEs and concerns regarding their use in high-risk patients (Table [6](#Tab6){ref-type="table"}).Table 6Mean physician ratings of fentanyl, hydromorphone, and morphine on a 1--10 scaleFentanylHydromorphoneMorphineSpeed of onset of analgesics to quickly control pain7.77.26.5The sustainability of analgesia5.07.66.9Active metabolites and delayed consequences7.06.15.2Standard adverse events: nausea, vomiting, confusion, delirium, respiratory depression6.55.94.9Flexibility with dose escalation and/or titration7.06.46.5Use in high-risk patients such as chronic opioid use, respiratory comorbidities, elderly, obese, age \> 65 years, renal impairment6.25.34.91 = least preferred, 10 = most preferredSurvey question: "in relation to IV opioid use, please think about the three mainstream agents: fentanyl, hydromorphone and morphine and rank each on the following characteristics. Please use a 1--10 scale where 1 is 'Least preferred' and 10 is 'Most preferred'"*IV* intravenous

Discussion {#Sec10}
==========

This survey was conducted to better understand physicians' perceptions and experiences treating patients' acute postoperative pain in the inpatient setting. Participants in the online survey were mostly surgeons (60%) or anesthesiologists (30%) from all US geographic regions. Most had \> 10 years' experience practicing.

The key outcome of the survey was to characterize physicians' perspectives on IV analgesic medications. Findings confirmed our expectations that opioids are an integral component of multimodal postoperative analgesia therapy for invasive or moderate-to-severely painful procedures. The most important factors influencing prescribing decisions were past clinical experiences, surgery type, and onset of analgesic effect. Overall, the responses demonstrated that the predictability and reliability of pain relief were important factors for physicians choosing an IV analgesia therapy.

Physician responses provided meaningful insights into the factors that influenced practice patterns and identified the most pressing unmet needs for the management of acute postoperative pain. Responses suggested that physicians were very aware of the potential for AEs associated with IV analgesic medications, particularly ORAEs. Patient-related risk factors, such as age, comorbidities, or prior surgeries, as well as the reduction or avoidance of analgesia medication-related AEs, were important considerations affecting physicians' approach to postoperative pain management. Furthermore, patient characteristics that are known to increase the risk of AEs, including respiratory comorbidities, chronic opioid use, and older age, were reported as of "very much concern" for patients receiving IV opioid therapy. Overall, 80.7% of physicians agreed that medications associated with fewer side effects (such as nausea, vomiting, and respiratory depression) was a top unmet need for the management of acute postoperative pain.

The top three most pressing concerns regarding postoperative pain management were related to AEs, namely nausea (76.2%), constipation (67.3%), and vomiting (60.3%). These findings are in agreement with a previous survey of physicians writing \> 20 opioid prescriptions per month for either chronic or acute pain, where 58% reported that the reduction of AEs was an unmet need \[[@CR25]\]. Other responses highlighted the concern that physicians share regarding uncontrolled postoperative pain; for instance, 40.5% noted that delays in hospital discharge due to uncontrolled pain was among their most frequently encountered challenges of postoperative pain management. Other related issues included delays in rehabilitation or discharge from the post-anesthesia care unit, chronic pain, and the risk of re-hospitalization due to pain or pain-related complications. Poorly controlled postoperative pain is a well-recognized unmet clinical need, especially for patients experiencing moderate-to-severe pain \[[@CR1], [@CR26]\]. Poorly controlled pain can delay patient recovery by interrupting sleep and causing delays in recovery after surgery \[[@CR3], [@CR4]\]. It can also delay patient discharge and is a risk factor for developing chronic pain \[[@CR5]--[@CR9]\]. Improving the efficacy of acute pain management can reduce the incidence of chronic pain, as demonstrated in a postoperative study where the risk decreased by 10% for every unit of improvement on the 11-point Quality of Acute Postoperative Pain Management Scale \[[@CR11]\].

Despite high levels of patient satisfaction with postoperative analgesic regimens, the commonality and severity of pain support the conclusion that postoperative pain is often sub-optimally controlled \[[@CR1], [@CR26]--[@CR28]\]. This is consistent with the reported preferences for patient-controlled analgesia \[[@CR29]\] and with results of a recent survey of 296 maternity and orthopedic patients in tertiary care hospitals in Lebanon, where the perceived timeliness of pain medication receipt was significantly associated with patients' overall satisfaction with pain management \[[@CR28]\]. Notably, fear of adverse reactions was reported in \~ 50% of patients in this study, demonstrating that this remains a common barrier to the use of pain medications \[[@CR28]\].

Although opioids including fentanyl, hydromorphone, and morphine were the most commonly prescribed IV analgesic medications in the present survey, results suggest that their clinical utility is limited by the risk of ORAEs. This was particularly the case for high-risk patients, such as those with a history of chronic opioid use, respiratory comorbidities, older age, obesity, and renal impairment. There are also ongoing concerns regarding the abuse potential of opioids, which warrant expert physician knowledge, careful prescribing patterns, and a patient-centric approach to longer-term opioid use \[[@CR30]--[@CR35]\]. Despite these clear reservations, our findings are consistent with other studies that have found opioids to be the most prescribed type of medication for the treatment of acute postoperative pain, with up to 95% of surgical patients receiving opioids or opioid combination drugs \[[@CR1], [@CR26], [@CR30], [@CR36]\]. These findings from practicing physicians serve to confirm that finding safer analgesia medications that are as efficacious as opioids remains an important unmet need.

Shortcomings of survey studies include the limited response rates, the possibility that respondents do not accurately recall their past experiences due to the number or diversity of patients they treat, or that respondents may not fully represent the target sample (in this case, physicians who treat postoperative pain in hospitals). Our study utilized a convenience (non-randomized) sample of 501 physicians that may not be wholly representative of the intended population. This is a small proportion of all physicians who are involved in surgery and manage post-operative pain. The applicability of our results to all surgeons may be affected by the fact that most respondents were general or bariatric surgeons; however, these physicians are among the most likely to directly manage patients experiencing postoperative pain. Additionally, although invitations were extended to hospitalists, none completed the survey. The responses in our survey were also somewhat restricted by the fixed response options. This was partially overcome by adding extensive choices, ranking questions, and "other" options, but the format did preclude physicians from providing further details or adding unanticipated responses. Furthermore, in was not in the scope of this survey to evaluate the patient's perspective of post-surgical analgesia, which is an important component of the overall success of analgesia and may highlight other unmet needs.

Conclusions {#Sec11}
===========

Despite the limitations outlined above, this study offers some key insights into the experiences, concerns, and challenges of physicians treating acute postoperative pain in the inpatient setting. Specifically, results clearly show that the incidence of AEs is of key concern to physicians. Although opioids are the most commonly used IV therapy for moderate-to-severe acute postoperative pain, physicians still feel that there is significant room for improvement in terms of the therapeutic and safety profiles of these medications. Complications such as nausea, vomiting, and respiratory depression, and an ability to avoid or reduce the incidence of these medication-related AEs, particularly in high-risk patients, were the top unmet needs. Overall, these findings highlight the need for more effective analgesic medications that are associated with a lower risk of AEs.
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